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1. Introduction

Vessel biofouling is one of the main contemporaggtars for the introduction and spread of
marine non-indigenous species (NIS). Most of theC>tharine NIS established in New Zealand
waters are thought to have arrived on the hulshgds, a pattern reported from locations around
the world (Hewitt et al. 1999; Eldredge and Carl002; Kospartov et al. 2008). Merchant,
fishing, passenger and recreational vessels cantiowarrive in New Zealand from overseas
locations with NIS attached to their hulls (Ingé$ al. 2010; Piola and Conwell 2010). To
manage the biosecurity threats associated witrelegsfouling MAF Biosecurity New Zealand
(MAFBNZ) has recently released a draft Import HeaBtandard for consultation, which
specifies the requirements to be met for effectmanagement of risks associated with
biofouling on the submerged parts of vessels aigiun New Zealand from international waters
(MAFBNZ 2010).

The Department of Conservation (DOC) is concerneoutithe biosecurity risks associated
with biofouling on vessels visiting New ZealandishsAntarctic islands, and the remote sub-
tropical Kermadec islands. These locations (fromebe collectively referred to as “the
islands”) are currently visited by commercial ceuiships, fishing vessels, navy vessels and
privately or commercially operated sailing yacht&essel biofouling is thought to be the
mechanism behind introductions of NIS globallygolated high-value locations, including sub-
polar and polar latitudes (Lewis et al. 2003, Leatisal. 2005, Barnes et al 2006; Lewis et al.
2006; Tavares and De Melo 2006; Lee & Chown 200092

Three options are available to prevent the intrédocof marine NIS to New Zealand's high-

value islands. Improvements in vessel hygiene measwsuch as regular antifouling paint
renewal and/or hull cleaning, can be used to enatevessels visiting these locations do not
carry biofouling organisms. Alternatively, when kan hull has not been achieved, a risk
assessment process can be used to ensure thahosdyvessels with biofouling that does not
pose a biosecurity risk to the islands are alloteetiavel to them. A third option which denies
access to the islands is also a possibility blikédy to be met with resistance from the shipping
sector.

The present system used by DOC under the Resewtes 8imple and, in theory, effective. It
requiresany vessel intending to land on New Zealand’'s sub-Ati islands to undergo an
initial hull inspection at the owner’'s expense. Anmtry permit to land on the sub-Antarctic
islands’ is granted only when no biofouling orgamssother than marine biofilm (“slime”) are
detected on the hull. Presence of more substadngiduling results in failure of the inspection.
The vessel is then given the options of abandoitsnigtention to visit the islands or to undergo
a second, more comprehensive inspection (agairheatoperator's expense) during which
specimens are collected and identified. An entryngigs granted if none of the species detected
on the vessel are considered by recognised exjpetéxonomy, biology and biogeography to
pose a biosecurity risk to the islands’ marine egpl Currently no such system is in place for
the Kermadec islands.
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The current system has several shortcomings, wiéek identified and discussed during recent
meetings between DOC and NIWA:

1.

There is no transparent framework accessible tsevasperators that clearly defines
DOC'’s expectations on hull condition, provides mf@ation on how to meet these
expectations, and identifies the process that momptiant vessels should follow;

The absence of such a framework means that veaselsot able to take pro-active
measures to ensure they meet DOC'’s expectationstprentry into New Zealand. The

time required for inspection and risk assessmenmake place (1-4 days depending on
circumstances) can result in a delay to the vesssthiedules and corresponding
financial losses to the vessel operators. Thisaisiqularly a problem for commercial

cruise ships that have very tight schedules witirtgberiods of stay in each port (often
<1 day).

No provisions currently exist for vessels to sesdmaption from biofouling inspections
if they have achieved the required standards dfhygliene (i.e., there are no incentives
for dedicated hull maintenance);

Biofouling inspections are currently carried outtheut the use of a standardised
sampling and quality assurance protocol. This méaatsthe quality of inspections may
vary and that an unknown number of species on & mmaly not be detected,

compromising the effectiveness of the inspections;

No information or assistance is provided to ves@s fail the biosecurity inspection
on how to efficiently mitigate this problem in NeZealand. This is particularly an issue
for cruise ships under international charter thrat @n a tight schedule and for whom
delays may have serious financial consequences.

The current system is applied only to vessels wgrith land passengers on the islands.
No restrictions exist for vessels that want to asogaters within 1000 m of the mean
high water spring tide (MHWS) line.

DOC is in the process of preparing a regional @asgan for the Subantarctic and Kermadec
Islands under the Resource Management Act 1991a peat of that plan they wish to address
the risk of introduction of marine NIS to New Zeadiss high-value islands presented by all
vessels visiting close into shore, as well as tlibaeland passengers.

To assist DOC to develop a framework for inspectma assessment of biofouling risk on
vessels intending to visit the sub-Antarctic or idadec islands, NIWA was contracted to
develop:

(i) A decision support todahat can be used by DOC to determine: (a) whicdsels will

require inspection and how frequently, and (b)lthel of biosecurity risk posed by
vessels that do have biofouling on their hulls, and
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(i) Templates for hull inspectionsf vessels intending to visit the sub-Antarctic or
Kermadec islands. The templates include: (a) inspecprotocols for the initial
presence of fouling, (b) sampling protocols for Ihbiofouling inspections, (c)
laboratory protocols for specimen handling, presgon and dispatch to taxonomic
specialists, and (d) instructions for taxonomic ciglests on the biological and
biogeographical information required to allow anformed assessment of the
biosecurity risk posed by the vessel to the sulafatic and Kermadec islands.

The following sections describe the decision-supgonl and risk assessment templates
developed for this contract. The templates and wank designed to be made available on the
DOC website. Their purpose is to introduce, descahd illustrate the expectations that DOC
has with regard to biofouling on vessels intendiog travel to the islands, how these
expectations can be met, and the process vessetofgethat do not meet these expectations
can expect to have to go through before a CoastahiPis issued. We have sought to make the
process as transparent as possible so that vastiding to visit the islands can complete a
self-assessment prior to sailing for New Zealard] arnere necessary, take measures to prevent
delays in the issue of a Coastal Permit.

2. Decision support tool

DOC aims to prevent the introduction of marine KdSNew Zealand's offshore islands. This is
a complex task, as visitors to the islands incladeide range of groups including private
boaters, commercial fishermen, DOC staff, reseascliee NZ Navy and cruise ship operators.
For some of these visitors, significant delays dowsult in substantial financial cost. It is,
therefore, important that the approach chosen teftdg prevents transport of high-risk

biofouling to the islands, but does not imposegiskical or financial barrier to the visits. This

can be best achieved by working with the shippindg &ishing industries and recreational
boating community to actively reduce biofouling<ggo the islands.

To assist this process, clear information is needtedi) what DOC intends to achieve and why,
(i) DOC’s expectations for vessels intending tavel to the islands without delays caused by
inspections, (iii) the process of determining thesbcurity risk of vessels, (iv) the consequences
of non-compliance and, (v) management options éieving compliance. In providing this
information vessel operators must ensure they mégitnum standards if they want to avoid
delays in obtaining access to the coastal mariea airthe islands.

Ideally the management framework shotridentivise vessel owners and operators to maintain
clean hulls. This could be achieved by DOC prowdiadvance information that the

consequence of failing the initial hull inspectiaill be a more detailed inspection and risk
assessment of the vessel, which may take seveyalatal still be associated with uncertainty
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about the outcome (a Coastal Permit may not besdsslepending on inspection results).
Therefore it will be in the vessel operators’ ietgrto pass the initial hull inspection.

In the following section are suggested framewodks f

« Determining which vessels require biofouling indpets, and what type of
inspection;

» Determining the biosecurity risk of vessels on whimofouling organisms are
detected; and

« Managing vessels that visit New Zealand’s offshslkands regularly.

2.1 Which vessels require biosecurity inspections?

DOC'’s expectation is that vessels visiting thendkawill have no visible biofouling on the hull.
Only marine biofilm (“slime”) is acceptable. Althgh this is difficult to achieve in practice, it
represents a simple and clear standard that vegshtors can work towards. It is also
consistent with the recent draft Import Health 8t&d developed by MAF Biosecurity New
Zealand for biofouling on international vessels (MBNZ 2010).

DOC's current approach is to subject all vesseteniding to land on the islands to an
inspection, and it intends to require all vesseisiing within 1000m of MHWS to meet the
clean hull and niche area requirements also. Homvelrere are situations where biofouling is
unlikely to be present on a vessel and an inspeatiay not be necessary. The age of the
antifouling paint on a vessel's hull is the besbwn predictor of biofouling extent and the
presence of NIS (Coutts 1999; Floerl and Inglis200glis et al 2010). Surfaces that have very
recently received a new coating of antifouling paiill mostly be free of biofouling (AMOG
Consulting 2002). Likewise, a vessel that has vecgntly receivedomprehensive in-water or
shore-based cleaning may be clear of biofouling@ys® no immediate biosecurity risk. During
a recent MAF Biosecurity New Zealand funded redearoject, the hulls of approximately 500
international yachts, merchant vessels, passeregsels and fishing vessels were sampled by
divers upon the vessels’ arrival to New Zealandl{gnet al 2010; Piola and Conwell 2010). In
this study, biofouling was not detected on someseissthat had received new antifouling paint
in the 6 months prior to arrival to New Zealand wdwer, biofouling species were found on a
considerable proportion of vessels that had begaimted< 2 months prior to sampling (Table
1). In almost all cases, biofouling organisms emtered on these vessels were located in
“niche areas” that were not coated in antifoulinginp and/or were protected from
hydrodynamic drag, such as propeller and ruddeftsshi@ee section 3.1 for details on niche
areas).

We suggest that vessel operators that can providerece of a recent antifouling paint renewal
or comprehensive biofouling removal should be exechrom a hull inspection. Meaningful
criteria for deciding on a “safe” period are: (ijettime it takes for biofouling organisms to
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colonise non-toxic hull surfaces (as these areepigide immediately a vessel enters the water)
and (i) the time it may take for biofouling organis to reach sexual maturity (after which they
may be able to release reproductive propagulestisurrounding environment). In a recent
project for the Australian Department of AgricukuiFisheries and Forestry (DAFF), NIWA
determined biofouling accumulation rates to nori¢ogubstrates over time. Our review
suggested that a range of biofouling taxa (e.gozwgns, barnacles, tubeworms, hydroids) can
colonise a suitable surface within 1-2 weeks ohseifsion in the sea, although this timeframe is
highly variable depending on latitude and seasod,can take longer. Most species likely to be
encountered on vessel hulls do not reach sexualrityatvithin 4 weeks of settlement. For
example, the age at which the non-indigenous kiidaria pinnatifida has been reported to
reach sexual maturity (measured as time from ifatibn of the female gametophyte to first
release of zoospores from developed sporophyt) te 90 days (Thompson 2004; Primo et al
2010). More rapid maturation is achieved by trobgmecies in tropical or sub-tropical waters
but these would be unlikely to survive in the codlew Zealand waters.

Framework for biosecurity inspections

We recommend that all vessels, including privateiyed craft such as yachts, are subject to a
biofouling inspection unless they can demonstragg their last antifouling paint renewal
occurred4 weeks or less prior to the time they intend to visit New Zealandffshore islands.
Vessels antifouled within the previous 4 weeks #hdne exempt from an inspection because
they are likely to be either free of biofouling any organisms present are unlikely to have
attained sexual maturity (Figure 1 - A). Vesselplgpg for an exemption must present
appropriate documentation of their recent antifugipaint renewal. This could be in the form of
a receipt and description of services from a magtee operation.

The suggested framework incorporates two typesgsgdactions for vessels that do not qualify
for an exemption: (1) simple inspections for thegence of biofouling, and (2) comprehensive
inspections to enable assessment of the bioseaiskyto the islands. The type of inspection
required will be determined by whether or not tlessel operator can supply evidence that the
vessel has recently (within the last 4 weeks) bespected elsewhere and found to be free of
biofouling or if it has been cleaned by an approwsgthod, such as dry-docking or in-water
cleaning. The framework would require DOC to depedolist of technical dive companies and
hull maintenance facilities, in New Zealand andreeas, that it has “approved” to conduct
biofouling inspections using the sampling protoqmisscribed in this report and which are able
to remove biofouling assemblages to a satisfacdtapdard. The acceptance of approved hull
inspections and treatment if needed may provideentiges for pro-active maintenance
measures to avoid delays that would be caused Iog detailed inspections, a risk assessment
and the need to obtain a Coastal Permit.

If a vessel has natndergone a hull inspection or approved cleanatiyity within the 4 weeks
of the intended date of travel to the islands, iit ae required to undergo a comprehensive
biofouling inspection (Figure 1 - C). This inspectimust be carried out by an approved dive
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services provider using the sampling and specinarling protocols described in Section 3.
Sample handling, sorting and preservation, as agHll labelling need to be carried out by an
approved scientific supervisor - not by the comnatrdive company’s surface support crew
(unless they can be demonstrated to have scieasipertise). All samples need to be submitted
to recognised taxonomic experts for identificati@nd provision of biological and
biogeographical information (Section 3). The ingjpecand identification process may take 2
days or longer and will involve costs that inclugmsultancy fees and travel expenses of the
scientific supervisor and fees for taxonomic idécdation of any samples collected (including
freight of the samples). We suggest that identiticaof samples is carried out by NIWA’s
Marine Invasives Taxonomic Service (MIJSwhose taxonomic specialists provide species
identifications for a range of ongoing marine bms#&y programmes and projects. We are able
to provide an indicative price estimate on request.

In the event that the comprehensive inspection do¢sdetect any biofouling, access to the
coastal marine area of the islands should be atlppmvided any other requirements have been
met. If biofouling is detected, samples will beleoted using the methods described in Section
3 and will be identified by expert taxonomists. i8krassessment will be conducted on the
results. Where the biosecurity risk is assessetbghgible, a Coastal Permit to visit the islands
will be issued. If the risk is considered more tim@gligible the vessel operator will be required
to arrange for treatment of the vessel before astab&®ermit may be issued (Figure 1). The
process for the risk assessment is described io8et2 below.

If the vessel operator can provide evidence thangpection or biofouling removal occurred
within 4 weeksof the vessel’'s intended visit to New Zealand'ssbffre islands, the vessel
operator should be given the choice of either upmieg the comprehensive biofouling
inspection (as described above) or, a more baspettion that only checks for tpeesence of
biofouling on the vessel (Figure 1 - B). The ingmetfor presence of biofouling needs to be
carried out by a DOC-approved dive service providad follow the sampling protocols
described in this report (Section 3). If no biofagl is detected during this inspection,
biosecurity risk is deemed negligible and closéname access to the coastal marine area of the
islands should be allowed (no coastal permit reml)ir(Figure 1). Basic inspections for
biofouling presence do not require a scientific esuigor to be on site as no samples are
collected. This reduces the costs of the inspeckianvever, if biofouling is encountered during
the inspection, the vessel fails the inspection @dresented with two options: either
biofouling assemblages are removed using an appteptreatment method or the vessel
undergoes the comprehensive biofouling inspectiod dsk assessment described in the
paragraphs above (Figure 1). In the latter situatiloe vessel operator would incur the costs of
two inspections plus the costs for science staff ardrtomic identification associated with the
second (detailed) inspection. It may also be reguio undergo treatment if the biosecurity risk
is assessed to be non-negligible. It is the vagsedator’'s responsibility to decide on whether to

L MITS is an initiative funded by MAF Biosecurity WeZealand, with provisions to carry out taxonomic
consultancy for other agencies. The Service opematder high quality standards and was established
provide species identifications and associateddmggaphic information with rapid turnaround.
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opt for the simple, cheaper inspection or the seconmprehensive inspection. The simple
inspection is faster and cheaper, but would repteaesaving only for vessels on which no
biofouling is detected.

The decision framework described above is desigmednd DOC's preferred standard of an
absence of biofouling on vessels intending to vie# offshore islands. It enables vessel
operators to undertake self-assessment based orisD¥@ectations and, if required, to take
pro-active measures to ensure that their vessetsni@®C’s expectations. It also exempts
vessels that have very recently received a nevfoalitig coating from the requirement of an
inspection.

Biofouling risk assessment framework for NZ's offghéslands. 7



Table 1: Incidence of biofouling presence and average nuroabspecies on vessels with antifouling paint dfedent ages. Data were collected from internafigaahts,
passenger and fishing vessels sampled upon aatvilew Zealand customs ports in 2005-07 for MAFsBurity New Zealand research projects ZBS2004+68 a
ZBS2004-4. We acknowledge MAFBNZ'’s friendly pernigsto reproduce this data here.

Passenger vessels (N=50) Yachts (N=146) Fishingsads (N=11)
AFP age
(months) N % fouled Avg.no.sp. | N % fouled Avg.nosp. | N % fouled Avg. no. sp.
0-1 2 50 4 3 67 6 1 0
1-2 7 14 8 6 17 4
2-3 6 0 4 50 10
3-4 4 50 2 5 100 3 1 0
4-5 1 100 1 11 55 5 1 0
5-6 1 0 11 73 3
6-7 2 100 1.5 11 64 4
7-8 1 0 16 88 5
8-9 2 50 2 9 100 5 1 100 8
9-10 3 67 15 7 86 3 2 100 9.5
10-11 2 100 1.5 6 100 3
11-12 7 86 4 1 100 5
12-13 2 50 3 12 100 5
13-14 6 100 6
14-15 3 100 7 1 100 2
15-16 3 67 3.5 2 100 6
16-17 5 100 5
17-18 3 100 7
18-19 3 100 4 1 100 3
19-20 3 100 7 1 100 2
20-21 3 67 3 1 100 4
21-22 2 100 6 2 100 7
22-23 1 100 4
23-24
24-25 1 0
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AFP age
(months)

Passenger vessels (N=50)

% fouled

Avg. no. sp.

N

Yachts (N=146)

% fouled

Avg. nosp.

Fishingsals (N=11)

% fouled

Avg. no. sp.

25-26

[

0

26-27

27-28

100

1.5

100

28-29

29-30

100

15

100

12

30-31

100

100

20

31-32

100

32-33

100

33-34

34-35

36-37

38-39

100
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Vessel intending to

visit islands
Exempt from inspection:
@ vessels with antifouling | <
coating <4 weeks old
A\ 4
4 weeks or less Last inspection and > 4 weeks

biofouling treatment

operator choice

| ©

A 4

. . . \ 4 v
Simple mspectlc;n for Biofouling present Comprehensive inspection
resence o . . .
pre : and collection of biofouling
biofouling
A 4
Risk acceptable Risk operator
Biofouling .
absent assessment choice
Risk
unacceptable
v v \ 4 A
No Coastal Permit Grant Coastal P Biofouling B
needed, entry approved Permit treatment

Figure 1: Decision framework for the requirement for vessifduling inspections. Simple (biofouling preseradegence) inspections or comprehensive inspections
(biofouling collection and risk assessment) araiiregl depending on the maintenance history theeléssble to document evidence for. Situation84nd C correspond
to descriptions in the main text.
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2.2 Risk assessment of vessels based on inspection and taxonomic results

Section 2.1 described a suggested framework fareh@ting whether a biofouling inspection is
required and what type of inspection may be apjtgr

When a comprehensive inspection results in thectieteof biofouling, vessel operators should
have the choice of either arranging for removalthe# biofouling from the vessel using an
approved methodology, or undergoing a biofoulirglk mssessment (Figure 1). In this section,
we describe the method proposed for assessingdbeduority risk a vessel is likely to pose to
New Zealand’s offshore islands based on the ideatid abundance of species discovered on
its hull. We define biosecurity risk as the abilitfya species to become established and survive
in the islands. The risk assessment framework sedan four factors: (1) whether or not NIS
are present on a vessel, (2) the likelihood ofdhdES establishing and surviving in the sub-
Antarctic or Kermadec islands, (3) whether anyhaf NIS have a history of invasion in other
global regions, and (4) the extent of biofoulingtbe vessel. We evaluate risk using a simple
ordinal scale: negligible, low, medium, high or wdnigh. These levels represent relative
estimates of biosecurity risk. They are not berpreted as absoluteeasures of biosecurity
risk or as estimates of the likelihood for the bBbsament and/or impacts of biofouling species
in New Zealand'’s offshore islands.

Risk factor 1: Presence of non-indigenous species

If the biofouling species detected on a vesseiratigienous to the proposed destinations of the
vessel they pose no risk to these environments. eéxample, the stalked barnadlepas
anatifera is a cosmopolitan species that is frequently entmad on vessel hulls. It occurs
around New Zealand’'s North and South Islands a$ agelthe sub-Antarctic and Kermadec
Islands. Vessels carrying exclusively species #rat native to the intended destination are
considered to pose a negligible biosecurity riskif€ 2).

Risk factor 2: Ability to establish and survive

If one or several species on a vessel are nonéndigs to the islands the level of biosecurity
risk attributed depends on whether the speciesdcaulvive and establish viable populations
there. For example, tropical species “picked up”tbg vessel during time in low-latitude

environments are unlikely to survive in sub-Antaretaters. A recent example of this was a
number of species detected on the hull of the ervisseClipper Odyssey, which were deemed

unable to survive in the coastal sub-Antarctic wat@loerl et al. 2009). If the taxonomic

specialist conducting the identification determirteat a species is not indigenous to the
offshore islands but is unlikely to survive in thesnvironments, a low biosecurity risk is
attributed to this species. Vessels on which NI& detected that could possibly or likely
become established in the vessel's intended désinsa are attributed a medium to very high

Biofouling risk assessment framework for NZ's offghéslands. 11



biosecurity risk depending on the invasion histofythe species and the overall extent of
biofouling on the inspected vessel (see below aatuler2)

Factor 3: Invasive history

The framework includes three levels (or categorashvasion history: (i) no global record of
establishment outside native range; (ii) documemtgdblishment outside the native range (no
reports of ecological and/or economic impact), éngdocumented invasion with associated
ecological and/or economic impact. The presena@nafvasive history is n@ways a reliable
predictor of risk, as the likelihood of establishmhand spread of a NIS is dependent on a wide
range of biotic and abiotic factors associated \ligh recipient environment (Simberloff and
Gibbons 2004). However, as a precautionary measuoeehighest level of biosecurity risk is
attributed to vessels carrying NIS that are comsidléo be able to survive in the sub-Antarctic
or Kermadec islandand that are known to have an invasive history in othats of the world
(Table 2). This automatically includes any spedeslared as Unwanted Organisms under New
Zealand'’s Biosecurity Act (1993).

Factor 4: Extent of biofouling on the vessel

The number of individuals or colonies of a NIS tlaa¢ present on a vessel determines the
number of reproductive propagules or other lifddrg stages that may be released in a new
environment. For example, the presence of a singigidual of a dioecious species (a species
in which gametes are separate sexes) may reprasasgligible biosecurity risk. A larger
number of individuals (or colonies) may translat¢oihigher risk as more individuals can
release a larger number of reproductive propagoiesn the case of mobile species such as
small crustaceans, more individuals can potentialye the vessel and sink or swim into the
local environment. In general terms, if m@pecies arrive in an environment there is a greater
chance that some will be suited to this environm8mhilarly, if moreindividuals arrive there is

a greater chance that the population will overcodemographic and environmental
stochasticity and Allee Effectsto become established (Mack et al. 2000; Lockweb@l.
2005).

For reasons of efficiency and cost, the biofoulingpections described in this report do not
quantify the abundance of individual species orssgl. However, the Level of Fouling (LOF)
ranks provide a measure of the extent and abundah&eofouling across the hull. In our
evaluation of risk, a higher level of biosecuritgkr has been attributed to vessels where the
LOF rank allocated to any of the locations from eththe NIS were collected was 4 or 5 (i.e.
high to very high biofouling abundance, covering-200 % of a targeted surface) than to
vessels where this LOF was 2 or 3 (low to modenzachy biofouling covering 1-16 % of a
targeted surface; Appendix 1). While this is a distig approach to quantifying the amount of

2 Environmental stochastity refers to random envitental factors such as temperature, space or food
availability. Allee effects are a biological ph@menon in which there is a positive correlation hestw
population density and the per capita populatia@wgn rate in very small populations.
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biofouling it does ensure that species collectenfihull locations with a high abundance of
biofouling are treated with a high degree of cautio

Table 2 presents all possible combinations of idlefactors described above. In summary:

® vessels that carry biofouling consisting entirelfy indigenous species
present a negligible biosecurity risk to the sulighketic and/or Kermadec
islands, and

(i) vessels that carry NIS that are unlikely to suniivehe vessels’ intended
destinations (e.g. tropical species where the msdn is the sub-Antarctic
Islands) present a low biosecurity risk to the Auwbarctic and/or
Kermadec islands, and

(iii) vessels with NIS that are thought to be able toigerin the vessels’
intended destinations are attributed a medium, brglery high biosecurity
risk depending on whether they are known to besiveaelsewhere in the
world and the extent of biofouling on the vessejirestion (Table 2).
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Table 2: Evaluation of the biosecurity risk vessels inteigdio visit New Zealand’s remote offshore
islands pose to their intended destinations. Legtlsiosecurity risk are simple relative estimabased
on (i) whether NIS are present on a vessel, (W likely they are to establish in the vessels’ mted
destinations, (iii) whether they are known to havdistory of invasion in other global locationsdan
(iv) the extent of biofouling on the vessel. Thekrestimate is made for the entire vessel and itarieri-

iv for all species detected on the vessel.

NIS present Likelihood of  Invasive history of NIS Max. LOF of hull Relative

on vessel? establishment found on vessel areas NIS was biosecurity risk
in offshore collected from
islands?
No n/a n/a 2t03 Negligible
No n/a n/a 4t05 Negligible
Yes Unlikely No record 2t03 Low
Yes Unlikely No record 4t05 Low
Yes Unlikely Record of establishment 2to 3 Low
Yes Unlikely Record of establishment 4to5 Low
Yes Unlikely Record of invasion 2t03 Low
Yes Unlikely Record of invasion 4t05 Low
Yes Possible No record 2t03 Medium
Yes Possible No record 4t05 High
Yes Possible Record of establishment 2to 3 High
Yes Possible Record of establishment 4to5 VeghHi
Yes Possible Record of invasion 2t0 3 Very High
Yes Possible Record of invasion 4t05 Very High
Yes Likely No record 2t03 High
Yes Likely No record 4t05 Very High
Yes Likely Record of establishment 2 to 3 Very High
Yes Likely Record of establishment 4to 5 Very High
Yes Likely Record of invasion 2t0 3 Very High
Yes Likely Record of invasion 4t05 Very High

Management of vessels that are non-compliant

This section contains recommendations on how thel lef risk resulting from the assessment
described in the paragraphs above and Table 2 nhightised for the permitting process.
However, it is DOC'’s responsibility to determingsked on the results of inspection and risk
assessment for individual vessels, whether a Ad@steit will be issued.

It is suggested that all vessels attributed wittegligible or low biosecurity risk may be issued
Coastal Permits. These vessels very likely eitleendt contain NIS or only species that are
unable to survive and establish in the target dastins.

Vessels attributed with a biosecurity risk higheairt “low” should not be allowed to travel to
New Zealand's offshore islands unless the biofguissemblages have been removed. Feasible
treatment options include: (1) removal of the ve&sam the water in a dry-dock or haul-out
facility and cleaning of all biofouling using higiressure water blasting, (2) wrapping of the
entire hull in a non-permeable barrier (“encapsoféd) and treatment with fresh water or an
appropriate chemical, or (3) in-water cleaning gsinmethod that is able to capture biogenic
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and inorganic waste for disposal to land fill. Timethod used for treating and/or removing
biofouling from a vessel hull may need to be basedhe extent of biofouling present on the
vessel. Spot cleaning of isolated patches of blafgumay be feasible for vessels where the
biofouling is not extensive. However, different amches may be required for vessels with
more extensive biofouling assemblages on theirshufurther comments and suggestions
regarding in-water cleaning are presented in themses below.

For a discussion of risk factors excluded from exaluation of biosecurity risk see Appendix 2.

2.3 Suggested framework for vessels undergoing repeated seasonal travel to
the islands

Some vessels, such as New Zealand-based fishirsglsesnd a range of cruise ships, operate
around the Kermadec and/or sub-Antarctic islanda seasonal basis. They may make repeated
voyages to the offshore islands, with intermittegiirn to a New Zealand mainland port to
change crews or passengers and/or to load or uslgaaies or catch. In 2009, for example, the
vessel Spirit of Enderby (Natural Heritage Expeditions) travelled to Newaldmd’'s sub-
Antarctic islands on at least three different ommas Visits to mainland ports (in this case
Bluff) generally lasted 24-72 hours. Under the entregime followed by DOC, the vessel was
required to undergo a biofouling inspection befeseh consecutive trip.

Several factors suggest that a slightly differernagement framework should be used for
vessels that undergo frequent or seasonal traveNew Zealand's offshore islands. |If
successive voyages to the islands are precedelddoly(4-3 days) residencies in New Zealand
ports, the likelihood of becoming colonised by bigfng organisms during these residencies
may be small and not warrant the costs and delsgecated with comprehensive inspections,
for two reasons. First, the likelihood that biofagl organisms will recruit to a vessel's hull
during short residencies is unknown and varies éetwseasons (Richmond and Seed 1991).
Second, biofouling developing on the hulls of suebsels may also originate from the vessel's
offshore island destinations and pose no biosectigk. In the case of vessels passing through
locations associated with sea ice, scouring may esove biofouling organisms from hull
areas that come into contact with the ice (Lee@nadwn 2009). However, sea ice is not likely
to affect niche area biofouling and any damageidhecauses to the vessel's antifouling paint
may increase the susceptibility of affected hutlaarto colonisation by biofouling.

Management of vessels that frequently or seasonedlyel to the offshore islands should
involve an initial simple or comprehensive inspeatiprior to their first visit of the season
following the descriptions in Section 2.1. Once tressels meet DOC’'s expectations and
receive permission to travel to the offshore istargkveral options are available for managing
the risks associated with subsequent seasonal #syag
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One option is to subject such vessels to peritaliget inspections for specific NIS that are
known to be established in the New Zealand poesviissels visit between voyages and that
pose a biosecurity risk to the offshore islandse Timing of these targeted surveys should be
determined by the species’ reproductive seasondléyget inspections can be carried out cost-
and time-effectively by technical dive teams trdirie the identification of the target species.
However, this approach has a number of disadvasitd@ee is that such a system is species-
focused and ignores the potential risks posed bytamet non-indigenous species. Another
disadvantage is that the presence or absence lofrisigmarine pest species in New Zealand
ports can only be ascertained by periodic targeteys within these ports. The ongoing, MAF
Biosecurity New Zealand funded nationwide targeveillance programme is restricted to key
locations that do not include all ports from whiebssels depart to the offshore islands (e.g.
Gisborne, Timaru, etc.). As such the utility ofgetr surveillance may be restricted.

A second option would be for DOC to require peraiimple biofouling inspections for vessels
that undergo seasonal or repeated travel to tisbaf islands. Under such a regime, the vessels
would not be required to undergo an inspectionrgda@ach consecutive voyage to the offshore
islands, provided they have only very short resitesnin a New Zealand port. Instead, repeat
inspections would be required according to an ahsmbdedule. Repeat inspections on vessels
undergoing regular or seasonal travel to New Zebdanffshore islands should be treated as an
adaptive process. Initially this could involve mamenservative intervals between inspections.
During each sampling event, inspectors should roordhd document the development of
biofouling assemblages on these vessels by usiotbgtaphs and LOF ranks. Data collected
through this monitoring can then be used to optntie periods between repeat surveys and
achieve the best balance between risk reductionaaoiting excessive costs for seasonal
operators.

2.4 Issues for consideration

Options for treatment of biofouling

An important issue for the success of the assedsimamework is the availability of
appropriate treatment facilities for vessels thratrgon-compliant with the biofouling standard.
Currently, no biofouling treatment options are tigadvailable to vessels that fail biofouling
inspections required by DOC. This is a problemipaldrly for commercial vessels on a tight
schedule. The Code of Practice for Antifouling, Manance and In-Water Cleaning released by
the Australia and New Zealand Environment and Qmagien Council in 1997 (ANZECC
1997) prohibits in-water cleaning of vessels based dual concern over the release of toxic
antifouling paint material and non-indigenous otigars into the local environment. While the
ANZECC Code has not been officially adopted in N&saland, regional councils and unitary
authorities with jurisdiction for marine areas geably prohibit in-water cleaning for the same
reasons as in the ANZECC Code, through rules imspldeveloped under the Resource
Management Act. The requirement to remove biofgupnior to travel to the islands may not
be a significant issue for recreational vesselssndll fishing vessels, which can be removed
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from the water for cleaning relatively easily, inrange of facilities around the country.
However, it is a constraint for larger fishing velssor cruise vessels that require cleaning. New
Zealand has only two dry-docks, which are in higmend and unable to accommodate urgent
short-term bookings. For many vessels (i.e. fiskang cruise vessels), travel to distant dry-
docks and associated waiting periods will causeceyatable delays and significant costs.

A range of effective in-water cleaning or biofogirtreatment technologies is currently
available or being developed. These include tedgies with mechanisms to capture
biofouling organisms removed from hull surfaceptevent the unwanted release of potentially
live biological material. The ANZECC Code is cunigrbeing revised and may allow the use of
some effective and low-risk technologies for in-@vatleaning of vessels. However, until the
ANZECC Code is revised, larger vessels that reqog@ment of biofouling may not be able to
access suitable facilities within New Zealand. Lamathority regional coastal plans prepared
under the Resource Management Act are likely taireqesource consent to clean a vessel in
water. The process of applying for resource consanttake up to several weeks and would
cause an unacceptable delay for cruise ships ngrpyaying passengers. To overcome these
hurdles, we suggest that shipping companies, vegseators, regional councils and DOC work
together to identify and pursue options that prewdssels undergoing inspections with options
for biofouling treatment, if required. This may aive the development of Permitted Activities
or rapidly approved resource consents for partiduésatment methods undertaken by approved
providers while the vessel remains in the port.

Undertaking inspections; training in LOF rank allocation

The comprehensive biofouling inspections outlinedSection 2.1 should be carried out by a
team of technical divers trained in the samplingthods, and supported by a scientific
supervisor who handles and manages labelling, psoug (sorting and preservation) and
dispatch of samples to taxonomic experts via MIDing under large vessels is a hazardous
activity and should only be carried out by appraigly trained personnel. It is important,
however, that the technical divers are also preficin collecting biological samples, recording
accurate information and in taking high-quality anglater images of the various hull locations
inspected. The LOF ranks will be used as a sureofyatbiofouling extent and it is important
that the ranks are assessed correctly. Photographges should be used to support taxonomic
identification and may also be used by the scienstipervisor to assess LOF ranks. We
recommend that DOC identify a list of approved deezvice providers to receive training in
inspection protocols.

Sea chests

Sea chests are cavities recessed into the hule$sel. They house the intakes for ballast water
and cooling water, and are covered by grating$lget against the hull. There can be 2-8 sea
chests on a vessel and these structures have beem $o harbour extensive assemblages of
biofouling organisms as well as mobile specieshgrdishes, etc.) (Coutts and Dodgshun
2007). The inspection and risk assessment frameWasrbiofouling on vessels travelling to
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New Zealand's offshore islands presented in thimmedoes not address the biosecurity risks
posed by sea chests. Divers are able to examingraliegs of sea chests during an inspection,
but cannot usually inspect the inside of the sestshunless the gratings are removed. A variety
of species can occur inside vessels’ sea chesesalbbence of NIS on external hull surfaces,
therefore, does not guarantee that they will ngbdesent in internal recesses such as sea chests.

Working with industry to manage biofouling

Development and implementation of the risk assessar@d management framework discussed
in this report will be most effective if they arerege in consultation with affected parties. It is
recommended that DOC work with representativeshef d¢ruise ship, fishing, yachting and
technical diving industries to determine the piadiiy of the framework, and options for
adapting it (if required and appropriate) to bestégrate with the requirements, restrictions and
operations of all affected industries.

Dissemination of relevant information

Once the management framework has been finalisedinnportant that all aspects of it remain
transparent and that it is easily accessible tealasperators. These include (at least) the cruise
ship and fishing industries, yachting associatiand other industries that require vessel access
to New Zealand’s offshore islands. Easy accessesources such as DOC'’s expectations
regarding hull hygiene, the decision frameworkspacttion details and relevant forms will
enable prospective visitors to take pro-active stépgs important that vessel operators are able
to access information on treatment or mitigatiotiays for biofouling on vessels that fail the
inspections and risks assessment.
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3. Templates for inspections and risk assessment

This section contains a collection of protocols aesburces that will enable a contractor to
conduct biofouling inspections on vessels wantimga¢cess the coastal marine area of the
islands within 2000m of MHWS. It details how to leat the information that is required by
DOC to determine if access can be allowed as aifedractivity (i.e. no coastal permit
required); whether a risk assessment and coastaitpee required, or whether access will be
prohibited. The following information is includealow:

(a) Protocols for standardised inspections of vessis liar biofouling (both the simple
and the comprehensive inspections),

(b) Protocols for handling, labelling, and preserviramples of biofouling and their
dispatch to taxonomic specialists,

(c) Species-specific information required from the taxmists to inform the risk
assessment, and

(d) A summary template for submission to DOC in whiblke tontractor describes the
results of the biofouling inspection. DOC can these this information to determine
whether a Coastal Permit will be granted.

3.1. Protocols for standardised biofouling inspections on vessel hulls

Background to biofouling on vessel hulls

Biofouling is the colonization of a vessel's subget surfaces by marine invertebrates and
plants. Biofouling will occur on any surface thatiot protected by a layer of functional toxic
“antifouling paint” or where this paint is old aimkffectual.

The submerged hull area of a vessel can range €190 nf (yachts) to several thousand m

(large cruise ships). Biofouling is generally neeely distributed across a vessel's hull but is
concentrated in areas that are not coated in alfitifp paint and/or that are protected from
strong water flow when the vessel is moving. Thiesations are commonly referred to as
‘niche areas’ and include the rudder recess, plapghaft, bow thrusters, gratings, and others
(more detail in sections below and Figure 3). Deliegn on vessel type, niche areas may
contain > 75 % of the fouling biomass and richn@gssmber of species) present on a hull
(Inglis et al 2010). Biofouling can also occur angral hull areas, especially on slow-moving
vessels and in hull locations protected from hyginaonic drag. Because biofouling is
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generally patchily distributed across a vesselsnserged surface area, the most efficient
sampling approach (i.e. one that maximizes thegtiagm of species detected for a given level
of effort) is a stratified design that pays parcuattention to high-risk niche areas, where
most biofouling tends to occur.

A. Comprehensive hull inspections

This section describes the protocols for conductirgpmprehensive biofouling inspection as
described in Section 2.1.

Objectives of a vessel biofouling inspection

The sections below describe hull sampling protottws target both general hull locations and
niche areas. The overall objective of the inspectiescribed is to detect the majority of
biofouling species occurring on a vessel’'s hulleTilspection cannot guarantee an absence of
biofouling as it has not been designed using #sttatl framework that will provide a level of
confidence of “freedom of infestation”. The inspentis not intended to estimate the
abundance of individual species on the vessel (@a@nass, or numbers of individuals).
However, it does provide a quantitative estimatehef extent of biofouling. The protocols
described here use a Level of Fouling (LOF) indeguantify biofouling. The use of the index

is described in Appendix 1.

Requirements

Staff and equipment

The diving operation is best carried out by a tedrat least two divers (SCUBA or surface-
supplied diving) supported by a topside crew, igeial a small vessel. The use of two divers
is recommended for safety, makes it easier and mffi@ent to carry out the various tasks
(e.g. photography, sample collection, bagging atxling) and enhances quality assurance.
Divers should be equipped with dive lights, diveivies and, ideally, a means of
communication with topside personnel. Full-face AGrasks with inbuilt microphones are
best suited for this.

Essential sampling equipment for the divers inckude

* Paint scrapers (or similar) to remove biofoulingnfr the hull. Plastic scrapers
are best as metal scrapers are more likely to daneghull surface. If care is
taken during sample collection, damage to the auitifig paint film on the hull
will be avoided. Firmly encrusting or cementing amgms such as large
barnacles and oysters may need to be removed aslivg knife.
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Sample collection bags. Fine mesh bags (500 uni) avpull-cord for closing
are best. Zip-lock or other plastic bags are uabigtas they do not allow water
to pass through and result in the loss of samplenma&when the bag is being
filled and closed. If only plastic bags are avdgalpuncturing 10-2@ne holes
in them using a needle is a useful method to alesisl of sample material.

A sampling quadrat. A size of 20 x 20 cm (0.03 ia suitable for underwater
work. The size of the quadrat needs to be indicatethe field sheets. When
working on vessels with steel hulls, it is usefulttach a small magnet to each
corner of the quadrat so it can be attached tbidHeduring sampling.

A set of pre-printed sample labels (waterproof pppleat correspond to the
sampling locations around the hull. Labels neethaadisplayed in all digital
images and be included with any biofouling samplalected. See section 2.2
for more detailed instructions on labelling. Faedthulled vessels it is useful to
have a magnetic clip that can fix a label to th# burface while it is being
photographed.

A digital underwater camera for taking close-up gem of biofouling
assemblages. The camera should be equipped withad@ouate strobe
positioned in a way that minimises over- or undposure of the image and
back-scatter.

Essential knowledge and training

Divers and surface personnel undertaking biofoulimgpections need to be competent in a
variety of tasks to undertake a thorough inspectalowing the protocols described here.
Required are:

Current OSH certification, medical clearance anchrm@rcial diving certificate
(divers).

Competence in the use of the LOF rank index (digadssurface personnel).

Familiarity with all hull sampling locations, thermpling plan and the way
information is captured on sample labels (diveid surface personnel).

Some knowledge of common biofouling organisms tsues that all or most
species are sampled, to avoid damaging fragilenssge during removal from
the hull and to ensure efficient sorting and sammiecessing (divers and
surface personnel).
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Health and Safety

Below is a list of the basic requirements for Healhd safety at the site of a vessel biofouling
inspection.

* The vessel's engines need to be fully shut dowsluding thrusters.

* The Port Authority or Harbour Master should be finedi of the diving activity
to warn any other vessels operating in the vicioitghe presence of divers in
the water. Topside personnel need to fly a divg Waile the hull inspection is
underway.

» First Aid and Q resuscitation equipment need to be at the diveaid team
members need to be trained in administering ficst@divers and non-divers.

*  The dive should be carefully planned by the diveesuisor in accordance with
recognized dive tables (e.g. Buhlmann, PADI, etogpending on the length
and draft of the vessel, rotation of divers mightrequired to ensure safety and
prevent fatigue. The tide should be taken into w@ration when planning the
dive. Areas like the keel bottom are importantitspiect, but may not be safe to
access during a falling tide in a shallow environtne

* Adive plan should be developed in advance of tispection that identifies any
risks associated with the inspection and a strafegyisk management and
response to emergencies.

Sampling protocols

During a vessel inspection, divers will examine eyah hull areas and niche areas occurring
around the vessel. Ideally, a plan of the ship Ehbe consulted prior to the inspection to
identify areas on the hull that need to be targatetitheir exact location.

Use of digital photographs

In some instances, the taxonomic identificationbmffouling samples is made easier when
digital images of the organisms are taken befoeedilganisms are removed from the hull.
Images can also be used to verify LOF ranks folhgnan inspection. The divers should carry
an underwater camera with a suitable strobe. Ataliginage should be taken of biofouling
organismsin situ before they are collected. In each image, a shtald be visible that
identifies the location (e.g. rudder, keel, hult.eof the image. The image should be taken at

Biofouling risk assessment framework for NZ's offghéslands. 22



—NHWA_—

Taihoro Nukurangi
a distance of approximately 30 cm from the hullfste to ensure organisms are visible in

sufficient detail. A distance rod can be attachethe camera to ensure a constant distance.
Lower distances may need to be used in samplirggitots with poor visibility.

1. Sampling of general hull areas

Previous vessel surveys have shown that the biofpit general hull areas most often occurs
in two locations: (i) close to the waterline, whenatifouling paint is often damaged during
berthing operations or by striking floating debsikile sailing, and (ii) in the stern area of the
vessel, where hydrodynamic drag is reduced wheasael moves through the water (ASA
2007; Inglis et al. 2010). General hull areas sthdhkrefore be sampled by vertical stern
transects and by horizontal transects along thesamaterline of the vessel.

Vertical stern transect

Separate vertical transects should be conductedeoport and starboard sides of the vessel at
the stern. These are best situated ~5m from tie, sthere the hull curves inwards (Figure 2).
When surveying the transects, the divers slowlgeied from the waterline to the deepest part
of the hull (keel bottom) and look for biofoulindhe width of observation should be
approximately 1 m. In low-visibility environmentaa divers may need to swim side-by-side
and cover a width of 0.5 m each. A LOF rank shdaddallocated to each transect on the basis
of the amount and diversity of biofouling encouate(see Appendix 1 on how to allocate
LOF ranks). Representative digital images shoulthken of biofouling organisms present in
each transect to provide a permanent record. Imstymsd be taken at a constant distance of
approximately 30 cm from the hull surface. Each gemahould contain a slate or label
identifying the location it was taken in (e.g. stéransect, on port side).

The method of collection of biofouling samples degreon the LOF rank allocated:

*  For transects with LOF ranks of 2 (light foulinghda3 (moderate fouling),
representative samples of all biofouling speciescatlected by the divers along
the transect. Where available, at least threen@yiduals or colonies of each
distinguishable species should be collected fontiieation purposes. Images
of the organisms should be taken prior to remoan] each image needs to
contain a slate or label that identifies the lamain which it was taken.

All material collected during the transect is pladato the same sample bag for
simplicity, along with a waterproof label that idiies:

- vessel name and date;
- side of vessel (port, starboard);

- transect type (i.e. Stern vertical transect);
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- LOF rank.

* For transects with LOF ranks of 4 (extensive fagjirand 5 (very heavy
fouling) it is too difficult for the divers to relbly “seek out” all of the species
present. Instead, the divers place a sampling quddto each of five (5)
haphazardly selected locations along the tran3éxt. quadrats can be placed
anywhere within the 1-m width of the transect. gidil image of each quadrat
is taken prior to removal of the organisms, anchdatage needs to contain a
slate or label that identifies the location it waken in. Using a paint scraper,
the entire contents of each quadrat are then wemsf into a separate sample
bag, along with a waterproof label that identifies:

vessel name and date;

- side of vessel (port, starboard);
- transect type (i.e. Stern vertical transect);
- LOF rank;
- Quadrat number (1-5).
If more than a single sample bag is required, antidal label is placed into the second (third,

etc.) bag such that samples taken from the samseitacan be processed together following
the inspection.

In summary: two vertical transects are inspected at the stara:on the port and one on the
starboard side. Each transect receives a LOF tzak representative images taken of any
organisms encountered and representative sampl#s rignks 2 and 3) or quadrat samples are
taken of biofouling (LOF ranks 4 and 5).

Horizontal waterline transect

During the horizontal waterline transect the divarspect the hull from the waterline to
approximately 1 m below the waterline along thdarerength of the vessel on both port and
starboard sides. Biofouling is particularly liketyoccur in areas where the antifouling paint is
damaged as a result of abrasion during dockingatipess or where the vessel has struck
floating debris (ASA 2007). The waterline transisdlivided into three parts:

1. Waterline (stern),

2.  Waterline (amidships), and
3. Waterline (bow).
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Each of these segments is allocated a separate D@Fal images should be taken and
biofouling samples should be collected as descrieolve for the vertical stern transect:
representative specimens collected for LOF rank8-8f or three replicate sample quadrats
where the LOF is 4 or 5.

2. Sampling of niche areas

Most biofouling on most vessels is located withiche areas. The most common niche areas
on vessel hulls are listed below. The codes inketscrepresent abbreviations that can be used
for sample labels. Niche areas marked by an astéisare likely to be present on both port
and starboard sides of a vessel, in which casertzstl to be inspected.

* rudder and rudder shaft/recess [RS];
» propeller and propeller shaft* [PS];

* anodes* (often several along hull) [AN];

» dry-docking support strips (areas along keel bottymwhich the vessel rests
while in dry-dock, thus lack antifouling paint [DS]

* sea chest gratings* [GR];

* openings of intake or outflow pipes* [OP];

*  bilge keel* [BK];

*  bow thrusters* [BT];

» areas of damaged paint surface* [DP].
An illustration of a vessel’s niche areas is giuwerrigure 3. Not all of these niche areas will
be present on each inspected vessel, but eaclvs# firesent needs to be targeted during the
inspection. Each niche area should be inspectets ientirety and be allocated with a LOF
rank on the basis of the amount and diversity ofduiling present in the entire niche area.
One or several digital images should be taken chedche area prior to removing any

biofouling, and in each image a slate should bibleisdentifying the location it was taken in
(e.g. BT, DS, etc.).

The method of collection of biofouling from nicheeas depends on the LOF rank allocated:

* For niche areas with a LOF rank of 2 (light foulirgy 3 (moderate fouling),
representative samples of all biofouling species @ollected by the divers.
Ideally, at least three (3) individuals or colong#seach distinguishable species
should be collected for identification purposes.

All material collected from a given niche area laged into a single sample
bag, along with a waterproof label that identifies:
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- vessel name and date;

- side of vessel (port, starboard);
- type of niche area;

- LOF rank.

If more than one sample bag is required, an ideniibel should be placed into
the second (third, etc.) bag.

* For niche areas with a LOF rank of 4 (extensivelifgy or 5 (very heavy
fouling) it is too difficult for the divers to relbly “seek out” all of the species
present. Instead, an alternative collection metisodsed that depends on the
size of the niche area.

If the niche area is relatively small (e.g. intakeflow openings; damaged paint
areas, etc.), the divers should collectddlithe biofouling present in the niche
area and place it into a single sample bag comigiai waterproof label that
identifies:

vessel name and date;

side of vessel (port, starboard);

type of niche area;

LOF rank.

If the niche area is large (e.g. rudder, DDSS, eltep etc.) then the divers
should take a quadrat sample in each of threeg@hdweardly selected locations
within the niche area and transfer the entire aust®f each quadrat into a
separatsample bag, along with a waterproof label thatiifies:

vessel name and date;
- side of vessel (port, starboard);
- type of niche area;
- LOF rank.
- Quadrat number (1-3).
Some niche areas may occur more than once on &lvessticularly sea chest gratings

(usually 2-8 depending on vessel size) and dry-thgckupport strips (potentially >10). The
divers should target all of these where possible.

3. Opportunistic samples
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If the divers encounter biofouling outside the hiwwfinsects and niche areas listed above,
images should be taken and representative sampbesdsbe collected using an appropriate
label.

4. Sample handling and recording

Biofouling organisms sampled from the vessel hulktrbe removed gently using (preferably)
a plastic paint scraper. When removing biofouliranf a hull area the divers should attempt
to minimise damage to fragile organisms. Accurgteces identification relies on detailed
examination of the organism’s morphology and, ofexternal features. Specimens may not
be able to be identified if damaged or broken @ireshed barnacle shells, torn/crushed algae,
squashed crustaceans). Care must also be takeevenpdamage to the vessel’s hull surfaces
and structures. This includes sites where sessgansms (such as barnacles, sponges or
ascidians) are scraped off. Although likely to benimal, care must be taken to avoid
removing paint during hull scrapings.

The divers should ensure that all material remdvech a hull is transferred into the sample
bags and that no organisms are lost and able kotsithe seafloor below the vessel. Non-
indigenous species escaping into the local enviesrinmay pose a biosecurity risk to the
location of the inspection and the release of dnfohling or antifouling paint material from
the vessel may require a resource consent frometfienal council (or unitary council). It is
important that samples are placed into sample lagsaining the correct label to ensure
species identifications from specific areas onsthip are accurate.

Field data recording sheets should be developedised during the inspection that allow the

topside personnel to log the hull and niche aresgedcted by the divers, the LOF allocated to
each inspected area and whether and where any esamwglre collected (and using which

methods) and/or images taken. Such field sheadgpatside a measure of quality assurance to
ensure that all hull areas are sampled.

Following collection, the samples need to be tramefl to a field laboratory for sorting and
preservation. To make an inspection most efficigatjsfer of samples should occur as soon
as these have been received from the diversirtipsrtant to check that each sample contains
a correctly completed label and that a sample texgis developed that identifies the location
on the hull the sample was taken from and confitewsansfer to the laboratory.

5. Information on vessel travel and maintenance history

As part of the biofouling inspection, the followingformation is to be collected from the
vessel's captain (or nominated crew):

» Date and location of last antifouling paint renewal

Biofouling risk assessment framework for NZ's offghéslands. 27



MN—LWA _—

Taihoro Nukurangi

» Ports or anchorages visited since either lastauliiifg paint renewal or over the
past 3 months (whichever was more recent), and tanigled at each location
(no. days). This information can be used by taxasteto verify the identity of
species collected from the hull, and to estimaggr tlikely age, reproductive
capacity and ability to survive/establish elsewhere
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Figure 2: Biofouling inspection of gneral hull areas

using vertical stern transects ah horizontal
waterline transects of both port and starboard area.
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Figure 3: Biofouling inspection of niche areas.
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B. Simple hull inspections for presence of biofouling

This section describes the protocols for conductinggmple inspection for the presence of
biofouling as described in Section 2.1. No samplesaken during this inspection.

Requirements

Staff and equipment

The diving operation is best carried out by a tedrat least two divers (SCUBA or surface-
supplied diving) supported by a topside crew, igeial a small vessel. The use of two divers
is safer. Divers should be equipped with dive bgtdive knives and, ideally, a means of
communication with topside personnel. Full-faceedivasks with inbuilt microphones are best
suited for this.

The divers should carry a digital underwater camferataking close-up images of any

biofouling organisms encountered. The camera shbeléquipped with an adequate strobe
positioned in a way that minimises over- or undposure of the image and back-scatter.
Images taken by the camera can be used by DOGifyg thee presence of biofouling.

Essential knowledge and training

Divers and surface personnel undertaking biofoulmgpections need to be competent in a
variety of tasks to undertake a thorough inspect@lowing the protocols described here.
Required are:

»  Current OSH certification, medical clearance anchmercial diving certificate
(divers).

e Familiarity with all hull sampling locations, therapling plan and the way
information is captured on sample labels (diverd surface personnel).

* Some knowledge of common biofouling organisms tcuem that any
biofouling organisms present are effectively defddiy the divers.

Health and Safety

As described above for comprehensive biofoulingéations (Part A).
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Inspection protocols

During a vessel inspection, divers will examine gyah hull areas and niche areas occurring
around the vessel. Ideally, a plan of the ship khbe consulted prior to the inspection to
identify areas on the hull that need to be targatetitheir exact location.

1. Inspection of general hull areas

Hull areas are inspected in the same way as descritbove for comprehensive hull

inspections (Part A of this section). Vertical stdransects and waterline transects are
completed on the port and starboard sides of tlesele No LOF ranks are allocated or

biofouling samples are to be collected at thisestdigbiofouling organisms are encountered,
images of the organisms are taken and a note ig mfthe location on the hull they were

encountered in. This information can be used iédivperform in-water cleaning on the vessel
at a later time to remove the biofouling detectednd) the inspection.

2. Inspection of niche areas

Niche areas are inspected in the same way as bedcdbove for comprehensive hull
inspections (Part A of this section). No LOF ramgks allocated or biofouling samples are
collected. If biofouling organisms are encounteliethges of the organisms are taken and a
note is made of the location on the hull they wemeountered in. This information can be
used if divers perform in-water cleaning on thesedst a later time to remove the biofouling
detected during the inspection.

3. Opportunistic samples

If the divers encounter biofouling outside the hiwwéinsects and niche areas listed above,
images should be taken and notes made of the docatithe organisms.

3.2. Protocols for sample handling, labelling, preservation and submission
to taxonomic specialists

This section outlines the procedures that shouldfddewed in topside processing of
biofouling samples collected from vessel hulls dgrtomprehensive biofouling inspections.
Incorrect handling can render specimens unidehtdiaeven by experienced taxonomists.
Any organisms removed from a hull must be sorted preserved appropriately so that their
identification can be confirmed by qualified taxamists. As hazardous substances (e.g.
ethanol and formaldehyde solutions) are generafigduto fix and preserve specimens
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collected from the hulls, the contractor must naimtppropriate Health & Safety practices in
the area where the samples are processed..

Processing facilities

All biofouling samples should be kept shaded, @l wet, and processed within 1-2 hours
of collection according to the following procedurédfield lab should be set up that has:

- Sheltered, well ventilated working/bench space;
- Ready supplies of fresh salt water;
- Selection of containers for sorting (buckets, tukzs;s);

- Selection of appropriately-sized plastic vials gads for storing
samples (non-rigid clear plastic with water-tigbitesv caps);

- Supply of waterproof paper and pencils.

Labelling and sample registers

Accurate labelling of samples is essential. Unladbedollections or collections with illegible
(unreadable or faded printing) labels cannot bed usecause the information cannot be
salvaged. Labels should be made from high qualiater-resistant parchment paper, light
card, or archival quality paper. Write in penadilgreferably permanent ink using a pigment
pen. Pens must be water- and alcohol-proof.

Labels for every sample must go inside the containeferably so they can be read easily
from outside. Permanent marker pen labels on thsid®u of containers may increase
convenience, but are often dissolved by leakingreih may be abraded by friction during
transit or may be forgotten when a container is\gbd.

Ideally, the location and number of hull foulingrgaes taken should be planned in advance.
However, this is not always feasible during an atgleull inspection where the level of
biofouling is unknown. In this situation, clear commnication between divers and topside
personnel is essential. It is important that divelay the exact sample location (i.e. niche
area, transect number, quadrat number) for eaclplsabag which is handed to topside
personnel. Each of these samples sites shouldierecorded on a sample register. This
involves recording data from each field label a-prarked collection bag on an electronic (e.g.,
Excel) or hardcopy registration sheet. The samgtgster allows the field team to track all
samples collected and should be established oadeuthinspection is underway.
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Sorting into taxonomic groups

Once a sample has been received by topside pefsahrshould be sorted into broad
taxonomic groups such as algae, barnacles, crastacascidians, etc. (see Table 3).

The material in the sample bag should be emptiedarshallow tray of fresh seawater and the
entire collection sorted into taxonomic groups,cplg specimens from each taxon into
separate, appropriately-sized containers. Keegpaitimens of each group except where there
are several individuals of large species. In suades, some specimens may be discarded but
care should be taken to avoid discarding new spedecisions on which specimens to
discard should be made only by an experiencedtsstielfiin doubt, keep all specimens.

Each taxonomic group extracted from the sampleldhmeiplaced in a separate container with
a separate label indicating the taxon (e.g. alldthmacles collected should be sorted into a
separate container). These labels comprise thectiolh information, plus a 2-letter code for
the taxonomic group (Table 3). If lab personnel ameertain about what taxon a particular
specimen may represent this should be identifiecbraingly on the sample label (e.g.
“Sponge? Taxon unknown.”).

Each preserved, sorted collection should be redomléhe sample register as it provides a
record of all samples that leave the field labasatnd allows easy tracking from the field
laboratory to the taxonomic service providing tlkentification. It is recommended that
reference specimens of any distinct taxa be phaptggd. Each photo should include a scale
bar and a visible label with the collection infotioa and taxon codes adjacent to each
specimen. Create a record of the image file nurabsociating it with the collection code, in
case the label is not legible within the image.

Fixatives and preservatives

All specimens should be fixed and preserved as ssopossible. See Table 3 for fixation
requirements specific to each taxon group. Douset isopropyl alcohol (IPA) for fixing or
preserving any specimens. Formalin should be diltoe5 % or 10 % using seawater, not
freshwater. Ethanol must be diluted using fresbwatot seawater.

Each sorted collection should be placed in at lf#astimes its own volume of preservative so
that water in the specimens’ tissues does notedihg preservative.

Where fixatives or preservatives are not availabbeted and labelled specimens can be kept
wet (preferably in a container/jar filled with flreseawater), and kept chilleabf frozen) until
fixatives are available. However, this period skooubt exceed 24 hours post-collection or the
integrity of the specimens will be compromised.
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Health and Safety

When using ethanol or formalin, ensure the areaei$ ventilated and away from electrical
appliances (such as laptops).

* Formalin is a Class 9 hazardous substance (ecotc corrosive). When
formalin is used at 5 or 10% dilution, it may caske irritation and burns to the
skin and eyes. Therefore it is recommended thatlenigloves, protective
clothing (i.e. long sleeves which cover skin) arafety glasses are used.
Immediately clean up spills and discard of wastagproved manner.

e Ethanol is a Class 3 flammable liquid and care rbestaken to avoid use within
the vicinity of sparks, electrical appliances ariipn sources. Immediately wipe
up spills. Ventilation is important as vapours ncayse dizziness. Skin exposure
may result in irritation or mild burns, particukarito eyes. Again, it is
recommended that nitrile gloves, protective claghemd safety glasses are used.

Neither of these substances should be spilt caseldinto the marine environment.

Shipping and Handling

Prepare samples for shipping by packing contaijaessin plastic bags (including absorbent
packaging to minimize damage caused by any leak#g®) into larger, tougher plastic bags,
buckets or plastic bins. Seal properly. If sampiese been preserved or fixed prior to
shipping, they must be sent with an approved DangerGoods transporter (e.g. Chem
Couriers). A shipper’s declaration, specific dawge goods emergency response procedures
and supporting documentation will be required.
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Table 3: Taxonomic groups into which all collections shoble sorted, their taxon code for labelling,
and fixation requirements. An asterisk (*) denaeequirement to transfer sample into 70 % ethanol

within 1-4 days.

Taxon Sorting groups Taxon Fixative and/or |Conc.
Code preservative
Algae Algae AG Formalin 5%
Ascidians Colonial ascidians AN Formalin 10 %
Solitary ascidians AN Ethanol 70 %
Bryozoa Bryozoa BR Ethanol 70 %
Crustacea Amphipods AM Ethanol 70 %
Barnacles BN Ethanol 70 %
Crabs CB Ethanol 70 %
Other decapods DP Ethanol 70 %
Isopods IS Ethanol 70 %
Ostracods 0S Ethanol 70 %
Tanaids TN Ethanol 70 %
Cnidaria Ctenophores CN Formalin 10 %
Hydroids HY Formalin 10 %
Hard corals HC Ethanol 70 %
Sea anemones SN Formalin 10 %
Soft corals SF Formalin* 10 %
Jellyfish JF Formalin 10 %
Echinoderms Brittle stars BS Ethanol 70 %
Echinoids EC Ethanol 70 %
Holothurians HT Ethanol 70 %
Sea stars SS Ethanol 70 %
Fishes Fishes FH Formalin 10 %
Molluscs Bivalves BV Ethanol 70 %
Gastropods GP Ethanol 70 %
Other molluscs (shell) MU Ethanol 70 %
Other molluscs (no shell) MU Formalin* 10 %
Polyplacophorans/chitons PO Ethanol 70 %
Opisthobranchs (no shell) OB Formalin* 10 %
Pycongonids Pycongonids PY Ethanol 70 %
Sponges Sponges SP Ethanol 70 %
Flatworms Flatworms Fw Formalin 10 %
Annelid worms Annelid worms WM Formalin 10 %
Nemerteans Nemertean worn NT Formalin 10 %
Sipunculans Sipunculan worms SI Formalin 10 %
\Washings Residues from sorting WH Formalin 10 %
Unknown Unknown UK Formalin 10 %
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3.3 Information required from the taxonomic specialists

The risk the biofouling species present on a vegest to the sub-Antarctic or Kermadec
islands is governed by a range of factors pertginn their abundance, age (or level of
maturity), biogeography, environmental toleran@itat requirements and invasive history in
other locations. When samples from a biofoulingp@ttion are submitted to taxonomic
specialists, they must be accompanied by clearuictsdtns on what information the
taxonomists are expectéal provide as part of their identification of eagecies. Conversely,
as described in Sections 2.1 and 2.2 above, mpoitant that the taxonomists are provided
with all information required for their identifidah process (e.g. the travel history of the
vessel).

The following information is required from the taramists, for each species they identify
from the specimens collected during the hull intipaqsee Table 4 for an example):

a) Name of taxonomic expert who identified the sample;

b) Species name and common name (if there is one);

c) Details of the samples each of the species wasletex@d in;

d) Native and introduced range of the species (breag@phic regions, where known);
e) Presence/absence of each species in mainland Netande(North/South Islands)

f) Biosecurity status of each species in mainland Nésaland (indigenous, non-
indigenous, cryptogenic);

g) Presence/absence in the Kermadec islands and/ee thab-Antarctic islands the
vessel intends to visit. If a species is non-ind@es and already present in the
islands, information on its distribution if availab

h) Biosecurity status in the Kermadec islands anddmsé sub-Antarctic islands the
vessel intends to visit;

i) Potential for establishment and proliferation ib-#ntarctic and Kermadec islands
based on environmental tolerance and habitat reqpgints (categories: unlikely,
possible, likely);

j) Age and maturity of specimens examined (e.g. npmguctive juveniles; adults;
presence of eggs/larvae), where possible;

k) Perceived risk posed to sub-Antarctic and Kermadsands (negligible, low,
moderate, high), and justification of this estintbtiesk. Note that the risk posed by a
non-indigenous species that @ready known to occur in the Sub-Antarctic or
Kermadec islands should not by default be regaadddw (due to the species already
being established. An exampleUsidaria pinnatifida — present in the Snares Islands
but not known from any other islands).
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Table 4: Example of an information table to be completeddyonomists for all species identified from biofioigl samples removed from a fictional vessel, Mhé Sub-

Antarctic Explorer.

Species Presence in Native range Introduced Presence Biosecurity Presence Biosecurity Potential to Age/maturity Perceived
samples range mainland status Sub-Ant./ status Sub- establish, of material overall risk
NZ mainland Kerm. Isls. Ant./ Kerm. survive, examined posed to
Nz Isls. reproduce (where Subs/Kerm
in Sub- possible)
Ant./ Kerm.
Isls.
Lepas SAE-RS-1; Cosmopolitan Present in Indigenous Present in Indigenous Already Mature adults Negligible
anatifera SAE-DS-2 North and Sub-Ant. established as
(goose SAE-T2-PL South Island and Kerm. indigenous
barnacle) islands to these
locations
Undaria SAE-RS-1 Asia Mediterranean, Presentin Non- Present in Non- Could Reproductive High-
pinnatifida New Zealand, North and indigenous the Snares indigenous establish specimen Extreme as
(Asian kelp) Australia, South Island  (invasive) Islands and non-
Argentina proliferate indigenous,
notorious
invasive
species,
suitable for
Sub-
Ant/Kerm
environment
Species 3
Species 4
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3.4 Reporting templates for biofouling inspection

This section contains suggested reporting templais companies carrying out (i) comprehensive
biofouling inspections, or (ii) simple inspectiofts the presence of biofouling need to complete and
submit to DOC.
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A. Comprehensive biofouling inspection — report
form

This form must be completed by the company contraed to undertake a comprehensive vessel
biofouling inspection and risk assessment.

The responsibilities of the inspector are to:

1. Undertake a vessel biofouling inspection followthg protocols outlined below
(including the provision of all required equipment)

2. Arrange for taxonomic identification of specimemdl@cted during the inspectidoy
recognised taxonomic specialists;

3. Ensure that the taxonomic specialists conductiegdbntification provide all of the

information required on the biogeography of eadcss and the level of biosecurity
it poses to the sub-Antarctic or Kermadec islands.

The following resources must be used during thpeiagon and risk assessment and are provided by
the Department of Conservation:

1. Sampling protocols for hull inspections (includimgptocols for LOF allocation);
2. Laboratory and sample management protocols;

3. Template for information to be provided by taxonst®i(Section 2.3 in this report)
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A. Vessel details and inspection summary

Contact details

Vessel name: >
Date and location of inspection: —->

Inspecting company, >
representative and contact details:

Vessel captain or crew >
representative and contact details

Maintenance and travel history

5.

Date of last antifouling paint >
renewal:

Date and location of last in-water =
inspection, brief description of
results and treatment undertaken:

Ports and countries visited in past->
3 months or since past antifouling
paint renewal (whichever was

more recent):

Main inspection results

10.

Biofouling risk assessment framework for NZ's offghéslands.

Were biofouling organisms >
encountered on the vessel?

What is the vessel's overall 2>
biofouling extent. Provide average
LOF rank allocated during
sampling, also provide maximum
LOF rank allocated to any area
inspected:

Were species with a moderate or >
high biosecurity risk to the sub-
Antarctic or Kermadec islands
encountered? If yes, how many
species?
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B. Results of taxonomic identification of biofoulilg samples

Authority that conducted the identification:

Contact person and contact details:

TABLE OF SPECIES IDENTIFIED FROM VESSEL
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Species Native Introduced Presence Biosecurity Presence Biosecurity Potential to Age/maturity Perceived Risk justification

(scientific and range range mainland status Subs/Kerm status establish, of material overall risk

common NZ mainland Subs/Kerm survive, examined posed to

name) NZ (native, (native, non- | reproduce Subs/Kerm
non- indigenous, in (negligible,
indigenous, cryptogenic) | Subs/Kerm low, moderate,
cryptogenic) high)

1.

2.

3.

4.

5.

6.

7.

8.

Continue table on new page if required.

Biofouling risk assessment framework for NZ's offsé islands.
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C. Overview of sampling and biofouling distribution

HULL AREAS
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Side of Done? LOF rank | Biofouling taxa detected (e.g. barnacles, | High-risk non-indigenous
vessel (Y/N) (0-5) algae, bivalves) species detected? Provide
names.
1. Vertical stern Port
transect
Starboard
2. Waterline Port
transect
Starboard

3. Opportunistic
collections

Biofouling risk assessment framework for NZ's offsé islands.
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Niche area (add | Niche present | Inspec- LOFrank (0- | Biofouling taxa detected (e.g. barnacles, | High-risk non-indigenous
others if applicable) | (Y/N)?; side of | ted? 5) algae, bivalves) species detected? Provide names.
vessel (Y/N)

Rudder and shaft

Propeller and shaft

Anodes

AN

Dry-docking
support strips

Sea chest gratings

1.
2.
3.
4
Intake/outflow
openings
1.
2.
3.
4.

Biofouling risk assessment framework for NZ's offsé islands.
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Niche area (add | Niche present | Inspec-
others if applicable) | (Y/N)?; side of | ted?
vessel (Y/N)

LOF rank (O-
5)

Biofouling taxa detected (e.g. barnacles,
algae, bivalves)

High-risk non-indigenous
species detected? Provide names.

Bilge keels

Bow thruster

Damaged paint
surfaces

AN =

Biofouling risk assessment framework for NZ's offsé islands.
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B. Simple inspection (presence of biofouling)— repb
form

This form must be completed by the company contraed to undertake a vessel biofouling
inspection.

» The responsibilities of the inspector are to uraderta vessel inspection to determine
whether biofouling is present on the vessel.

The following resources must be used during thpdoson and are provided by the Department of
Conservation:

e Hull inspection protocols (simple inspection);
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A. Vessel details and inspection summary (simple spection)

Contact details

Vessel name: >
Date and location of inspection: —->

Inspecting company, >
representative and contact details:

Vessel captain or crew >
representative and contact details

Maintenance and travel history

5.

Date of last antifouling paint >
renewal:

Date and location of last in-water =
inspection, brief description of
results and treatment undertaken:

Ports and countries visited in past->
3 months or since past antifouling
paint renewal (whichever was

more recent):

Main inspection results

8.

Were biofouling organisms >
encountered on the vessel?

Biofouling risk assessment framework for NZ's offghéslands.

46



—N-AWA_—

Taihoro Nukurangi

B. Overview of biofouling distribution

HULL AREAS

Side of Done? Biofouling detected?
vessel (Y/N)
1. Vertical stern Port
transect
Starboard
2. Waterline Port
transect
Starboard

3. Opportunistic
collections

Biofouling risk assessment framework for NZ's offshéslands.
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NICHE AREAS
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Niche area

(add

others if applicable)

Niche present
(YIN)?; side of
vessel

Inspected?
(Y/N)

Biofouling detected?

Rudder and shaft

Propeller and shaft

Anodes

PN PE

Dry-docking
support strips

Sea chest gratings

1.
2.
3.
4
Intake/outflow
openings
1.
2.
3.
4.
Bilge keels
Bow thruster
Damaged paint
surfaces
1.
2.
3.
4.
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5. Appendix 1: Using the Level of Fouling (LOF) rank index to
quantify biofouling on vessel hulls

The LOF scale was developed by NIWA as a quick affective method of quantifying
biofouling on vessel hulls (Floerl et al. 20@vironmental Management, Volume 35 (issue
6), pages 765-778). It has since been used in NBAG&N biofouling research projects as
well as projects commissioned by MAF BiosecurityaNéealand.

LOF ranks range from 0 to 5 and the various rartkagawith example images for hull
biofouling assemblages are providedTiable 5. One particularly important fact about the
LOF scale is that so-called macrofouling organigeng. barnacles, tubeworms, bivalves, etc.)
are_absentrom areas defined as LOF rank 0 (entirely frebiofouling) and 1 (slime fouling
only). That means that the lowest LOF rank that lvarallocated to an area where there is a
single barnacle, bivalve or other macrofouling oigen, is a LOF rank of 2.

The use of the LOF scale is simple and quick argkdhaon both (i) the areal extent, and
(ii) the diversity of biofouling in a target areBivers that have been trained in the use of the
scale should be able to allocate LOF ranks configeand consistently, with minimal
variation among observers.

During a vessel inspection, a LOF rank is allocatethe entire area under inspection, i.e. a
niche area or a hull transect. Using a vessel'pgiler as an example: the entire propeller
(blades, boss, shaft) is examined and a single L&Dk is allocated based on the entire
structure. Similarly, a single LOF rank is allo@ate the vertical stern transect, and to each of
the stern, amidships or bow segments of the watettansect).

NIWA advises that commercial dive teams and topdidkl officers carrying out vessel

inspections should be trained in the use of the b@kk scale. NIWA can provide this
training via small workshops.
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Table 5: Definition of the LOF ranks (ranging from 0 to 5) and example images of vessel hull surfacafseach of the different ranks.

LOF Criteria

rank
0 No visible biofouling. Hull entirely clean, no slime fouling (biofilm) on any visible submerged parts of the hull.
1 Hull partially or completely covered in slime fouling (biofilm). Absence of any macrofouling.
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LOF Criteria

rank

2 Light biofouling. 1 — 5 % of visible surface covered by very patchy macrofouling. Remaining area often covered in slime.
Examples below show presence vs. absence of fouling in two adjacent areas of a vessel hull.

3
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LOF Criteria

rank

4 Extensive fouling. 16 — 40 % of visible hull surface covered by macrofouling, generally several distinct types of organisms.
Remaining area often covered in slime.

5 Very heavy fouling. 41 — 100 % of visible hull surface covered by macrofouling, often many distinct types of organisms.

Remaining area often covered in slime.
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6. Appendix 2: Risk factors omitted from our evaluation of a
vessel’s biosecurity risk

We have not included a humber of factors in ouduateon of risk and provide a list of these
and a justification for their exclusion below:

(i)

(ii)

(iii)

(iv)

Reproductive state of the speciéfhe immediate biosecurity risk may

differ between juvenile (reproductively immaturepdaadult (mature)

individuals of a species. However, determining réqgroductive status of a
potentially large number of specimens is labouenstve, expensive and
beyond the scope of the inspections envisaged bg.D®@e focused our
evaluation on factors that can be included in dicient and cost-effective
examination of specimens.

Reproductive mode of the specie€dpecies that are able to self-fertilise
and/or brood larvae may require fewer individuale a hull for
establishment at a destination than species relymeelease and external
fertilisation of gametes. However, as our evaluatoioes not strive to
provide a measure of the likelihood of establishthand as the objective
of the risk assessment is to prevent the estabéshwf any NIS in New
Zealand’'s remote island locations, we used a cwatee approach and
treated all reproductive modes as equally risky.

Dispersal distanceSome species have dispersal stages that remaie in
plankton for weeks and can travel long distancds|enother propagules
have shorter planktonic lives of a few hours. Yé#teos — e.g. mobile
species — may simply ‘drop off’ a hull and sinkarthe recipient habitat.
However, because of the uncertainty regarding heagscurrents in the
various island locations (velocity, direction, ooshvs. offshore drift, etc.)
and the distance different vessels keep from shveeegxcluded this factor
from our evaluation and treated all dispersal stjigis as equally risky.

Number of NIS detected by the survéye attributed biosecurity risk to a
vessel based on the identity of the individual MEected on the hull, not
their number. A vessel carrying a single high-iHk is attributed the same
level of risk as a vessel that carries 10 high-N$R.

Biofouling risk assessment framework for NZ's offghéslands. 55



